We characterized the degree of systemic and coronary inflammation and the impact of those on clinical state in patients with a cardiogenic shock complicating first anterior ST-segment elevation myocardial infarction (STEMI). Methods: We recruited 14 consecutive patients with cardiogenic shock (10 men, 69 ± 12 years) and 18 well-matched baseline characteristics without shock (17 men, 64 ± 9 years) undergoing percutaneous coronary intervention (PCI) for an early phase of a first anterior STEMI in whom plasma level of cardiac enzyme was less elevated. We measured systemic and coronary levels of C-reactive protein, interleukin-6, and angiotensin II, and evaluated the relation of those to myocardial tissue-level reperfusion using both angiographic myocardial blush grade from 0 to 3, with the highest grade indicating normal myocardial perfusion, and a resolution of the sum of ST-segment elevation in 12-lead electrocardiogram. Results: In-hospital mortality was 57% in patients with cardiogenic shock and 6% without shock (p = 0.005). Coronary levels of C-reactive protein (9.2 ± 6.9 vs. 1.7 ± 2.1 mg/L, p = 0.001), interleukin-6 (379 ± 137 vs. 24 ± 20 pg/mL, p = 0.003), and angiotensin II (19 ± 10 vs. 10 ± 6 pg/mL, p = 0.010) were extremely higher in patients with shock than without shock. Interleukin-6 and angiotensin II, but not C-reactive protein, revealed higher in coronary levels than in systemic levels. The presence of both myocardial blush grade < 3 and ST-segment resolution < 50%, indicating failed myocardial tissuelevel reperfusion, was found in 8 patients with shock and 3 without shock (57% vs. 17%, p = 0.026). A multivariate regression analysis showed culprit coronary levels of angiotensin II as a special association with failed myocardial tissue-level reperfusion (p = 0.012). Conclusions: The exaggerated systemic and coronary inflammation, presumably associated with myocardial mal-reperfusion, was presented in patients with a cardiogenic shock complicating first anterior STEMI.
INTRODUCTION
A presence of cardiogenic shock remains serious limitations to achieve the rewarding clinical benefits in patients with a ST-segment elevation myocardial infarction (STEMI) regardless of the early prompt reperfusion by percutaneous coronary intervention (PCI) [1, 2] Because progressive and excessive systemic as well as myocardial tissue-level mal-perfusion may play a crucial role in the pathogenesis of cardiogenic shock [3] , we postulated adequate systemic and myocardial tissue-level reperfusion as the key issue to provide great advantages in patients treated with PCI for a cardiogenic shock complicating STEMI.
Reperfusion of a severely ischemic myocardium might result in lethal reperfusion injury, possibly arising from inflammatory reactions in patients with a STEMI [4, 5] .
outcomes in a STEMI, we investigated our hypothesis that a great exaggeration of systemic and also coronary inflammation may be presented in the setting of a cardiogenic shock complicating STEMI, and those inflammations may play a role in the pathogenesis of mal-reperfusion in patients treated with PCI for a cardiogenic shock complicating STEMI. If correct, future studies should be conducted to identify novel therapeutic targets for exaggerated systemic and coronary inflammation with prompt coronary reperfusion in those with a cardiogenic shock complicating STEMI.
METHODS

Study Patients
A total of 14 patients with a cardiogenic shock complicating first anterior STEMI and 18 demographic matched patients with a non-shock anterior STEMI were studied. To minimize an influence of myocardial necrosis on coronary levels of inflammation, we enrolled patients in whom plasma levels of cardiac enzyme were less than three times the upper limit of normal levels on admission. Patients recruited in this study were partially enrolled in our previous study [5] . Cardiogenic shock was defined as a systolic blood pressure of less than 90 mm Hg or mean arterial pressure 30 mm Hg lower than baseline and associated with cyanosis, cold extremities, changes in mental status, persistent oliguria, or congestive heart failure [2] .
Analysis of Inflammatory Markers and
Myocardial Tissue-Level Reperfusion PCI with coronary stent deployment was successfully performed using conventional techniques with dual anti-platelet therapy in this study. Aspirated culprit coronary thrombus and peripheral blood were simultaneously sampled to measure coronary and systemic levels of C-reactive protein, interleukin-6, and angiotensin II using commercial available assays [5] [6] [7] [8] .
In a case of hemodynamic instability, intra-aortic ballsoon counter pulsation and/or percutaneous cardio-pulmonary bypass were actively used. Patients did not undergo intravenous thrombolysis and were not given glycoprotein IIb/IIIa antagonists before PCI. Pre-and post-procedural culprit epicardial coronary flow was evaluated by Thrombolysis in Myocardial Infarction (TIMI) flow grade [9] with an assessment of Rentrop collateral grade [10] . Myocardial tissue-level reperfusion was evaluated by both angiographic myocardial blush grade from 0 to 3, with the highest grade indicating normal myocardial perfusion, and a resolution of the sum of ST-segment elevation in 12-lead electrocardiogram as reported previously [11] . Failed myocardial tissue-level reperfusion was defined by a presence of both angiographic myocardial blush grade < 3 and ST-segment resolution < 50% after PCI [4] .
Statistical Analysis
Continuous variables are presented as mean ± SD, and comparisons between patients with and without cardiogenic shock were made with an unpaired t test or a Mann-Whitney U test, in accordance with the data distribution. Comparisons of continuous data were made with paired t test. Categorical variables were compared with the chi-square test. A multivariate regression analysis was performed to identify an association of coronary levels of inflammation with myocardial tissue-level reperfusion. Statistical significance was set as p values < 0.05. Our institutional review board approved the study protocol. All patients or an immediate family member provided written, informed consent to participate in the present study at the time of admission.
RESULTS
A total of eight patients with cardiogenic shock and one without shock were in-hospital dead (57% vs. 6%, p = 0.005). A quite difference in blood pressure, Killip class, and arterial acid-base status on admission with well-matched other demographic characteristics were found between patients with and without cardiogenic shock ( Table 1) . Those with cardiogenic shock were more quickly treated with PCI in part with mechanical hemodynamic support, but highly complicated with failed myocardial tissue-level reperfusion (Figure 1(a) ).
Interleukin-6 (66 ± 95 pg/mL vs. 48 ± 82 pg/mL, p = 0.005) and angiotensin II (14 ± 9 pg/mL vs. 8 ± 6 pg/mL, p = 0.003), but not C-reactive protein (3.2 ± 3.3 mg/L vs. 4.4 ± 6.2 mg/L, p = 0.101), revealed higher in coronary levels than in systemic levels. Systemic levels of C-reactive protein showed higher in patients with cardiogenic shock than in those without shock (8.9 ± 2.5 mg/L vs. 2.0 ± 2.3 mg/L, p = 0.011). Furthermore, coronary levels of C-reactive protein (9.2 ± 6.9 mg/L vs. 1.7 ± 2.1 mg/L, p = 0.001) interleukin-6 (379 ± 137 pg/mL vs. 24 ± 20 pg/mL, p = 0.003) and angiotensin II (19 ± 10 pg/mL vs. 10 ± 6 pg/mL, p = 0.01) (Figure 1(b) ) were extremely higher in patients with cardiogenic shock than those without shock. A linear relation between worsen base excess and systemic levels of C-reactive protein was found (Figure 2(a) ). With a roughly inverse relation of coronary levels of angiotensin II to a resolution of STsegment elevation (Figure 2(b) ), a multivariate regression analysis showed coronary levels of angiotensin II as a special association with failed myocardial tissue-level reperfusion (95% confidence interval 0.008 -0.060, p = 0.012). 
DISCUSSION
In this study, we found both systemic and coronary levels of inflammation were markedly elevated when complicated with cardiogenic shock in patients with a first anterior STEMI. Enhanced coronary inflammation, especially coronary levels of angiotensin II, was likely associated with high incidence of failed myocardial tissue-level reperfusion in those with a cardiogenic shock complicating first anterior STEMI. Interestingly, a degree of metabolic acidosis (e.g. base excess) was sharply associated with systemic levels of inflammation (e.g. systemic levels of C-reactive protein). Taken together, we considered systemic and coronary exaggerated inflammation as one of the pathogenesis of a cardiogenic shock complicating STEMI, which might be associated with metabolic crisis and may have a critical role in failed myocardial tissue-level reperfusion leading fatal clinical outcomes.
Previously we reported a possible association of coronary inflammation and vulnerable characteristics of culprit plaque with impaired myocardial tissue-level reperfusion in patients with a STEMI [5] . We also notified a relationship between systemic and coronary levels of inflammation in those with a STEMI [8] . More recently, we suggested a critical role of systemic inflammatory response syndrome as the pathogenesis of cardio-renal syndrome in a STEMI [6] . Overall, from the viewpoint of a STEMI as an inflammatory disorder [12] , cardiogenic shock mostly causes a vicious inflammatory attack on both systemic and coronary levels, which may potentially related with miserable myocardial tissue-level reperfusion and disappointed clinical outcomes regardless of successfully undergoing prompt PCI. Systemic mal-perfusion due to cardiogenic shock elicits microcirculatory and mitochondrial distress syndrome leading metabolic crisis, which may play a role in the induction of systemic inflammation [13] . Extracellular acidosis is considered to promote the acute inflammatory process through an enhanced immune response, which can be explained by extended functional lifespan of mononuclear cells [12, 14] . Extracellular acidosis can also cause a hyper-oxidative state through increased production of superoxide from inflammatory cells [14] . Additionary, increased extracellular protons increase intracellular Na + and Ca 2+ through Na + -H + and Na + -Ca 2+ exchangers, and then the induced Ca 2+ overload may exaggerate the occurrence of reperfusion injury at both systemic and coronary levels [15] . Based on the scientific feature that cellular injury can release endogenous damage-associated molecular patterns (i.e. mitochondrial structures released by ischemia and/or reperfusion injury) to activate innate immunity [16] , those mediators may also elicit systemic inflammatory injury.
Cardiogenic shock is well-recognized as the leading cause of death in patients hospitalized with a STEMI even in the era of early prompt PCI [1] . So far aggressive approaches such as the early use of circulatory support could not demonstrate to ameliorate fatal clinical outcomes in those with a cardiogenic shock complicating STEMI [17, 18] . Thus, we believe that future studies are encouraged to calm down a life-threatening exaggerated inflammation to ameliorate miserable clinical outcomes in patients with a cardiogenic shock complicating STEMI.
This study has several limitations. We recruited a small number of patients with an early phase of STEMI who showed less elevation of cardiac enzyme to exclude inflammation from myocardial necrosis. This may have a possibility of our knowledge to fulfill a piece of those with a cardiogenic shock complicating STEMI. Second, we evaluated arterial systemic levels of base excess as a simple marker of metabolic acid-base disturbance. However, we did not define the metabolic acid-base disturbance exactly because of its complex [19] . This disturbance may occur from a variety of organic or inorganic fixed acids wherever there is inadequate oxygen delivery to support energy metabolism. Importantly, arterial levels of acid-base disturbance may not reflect cellular levels of it precisely. And finally, this study did not directly prove the exact mechanisms about the relation between intensive inflammation and fatal clinical outcomes in patients with a cardiogenic shock complicating STEMI. As mentioned in our review article [12] that inflammation plays a bipolar action as injury and repair in the pathogenesis of acute coronary syndromes, we need to understand the precise roles of inflammation in a cardiogenic shock complicating STEMI which enable us to challenge these critical disorder.
CONCLUSION
In conclusion, we showed a clinical evidence that the exaggerated systemic and coronary inflammation, presumably associated with myocardial mal-reperfusion, was presented in patients with a cardiogenic shock complicating first anterior STEMI.
